Experimental section
Standard preparation of oligonucleotides
Cartridges containing resin tethered with the amino modified ODN were obtained for the purpose of DNA isolation. Activated pyropheophorbide solution was prepared by mixing 4 mg of pyropheophorbide-a, 4 mg of benzotriazol-1-yl-oxytripyrrolidinophosphonium hexafluorophosphate (Pybop), 1 mL of anhydrous dimethylforamide (DMF), and 50 l N,N'-Diisoproplyethylamine (DIPEA) in a vial and stirring in the dark for 2 minutes. The solution was then transferred to syringes and filtered through the resin cartridges 5 times, followed by agitation for 1 hour. This procedure was repeated in quintuplicate, after which time the cartridges were placed on a shaker to stir overnight. The following morning the solution was removed and the cartridge was washed sequentially with 2 mL DMF and 2 mL acetonitrile, both in triplicate. The resin was dried under argon gas for 1 hour. DNA was then cleaved from the solid support by flushing the cartridge with 30% NH 4 OH for 2 hours at room temperature, and subjecting the cartridge to global deprotection by soaking with 3 ml of 30% NH 4 OH at 55C for 16 hours.
The ODNs on a solid support were tethered with a C6 amino modifier, which then coupled with pyropheophorbide-a by Pybop and DIPEA in DMF for 12 h. The pyropheophorbide-a tethered ODNs were incubated in concentrated aqueous ammonia at room temperature to cleave them from the resin and then subjected to global deprotection at 55ºC for 16 h. The ODN conjugates were purified by high performance liquid chromatography (HPLC) at 65℃and confirmed by MALDI-TOF mass spectrometry using a 9:1:1 mixture of 2,4,6-trihydroxyacetopheone (THAP) (10 mg/mL in 50% CH 3 CN/water), ammonium citrate (50 mg/ml in water), and oligonucleotide solution, respectively. ( Figure S1 ). 
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. MALDI-TOF of 1X and 2X.
Self-Assembly of quadruplex DNA
The purified aliquot of 1X was diluted into desired concentration by using 10 mM Tris-HCl, 80 mM
KCl buffer with pH 7.5 in the eppendorf tube. Then the tube was tightly capped and sealed with parafilm, and heated at 95 ℃ for 15 min, and then slowly cooled to room temperature. Finally the solution was incubated at 4 ℃ for 48 h. The formation of quadruplexes was assessed by CD spectra.
Time-Correlated Single-Photon Counting Fluorescence Spectroscopy (TCSPC)
Fluorescence lifetime measurements were done using a TCSPC system of a Jobin-Yvon Horiba 
Transient Absorption Spectroscopy
The ultrafast transient absorption system has been described in detail previously 1 and is based on an amplified Ti:Sapphire laser system (Spectra-Physics) operating at 1 kHz repetition rate. Pump pulses were obtained from an optical parametric amplifier (Spectra-Physics) with a pulse duration of ~120 fs, and the probe laser pulses were derived from a white light continuum, generated by a nonlinear crystal provided by Ultrafast Systems LLC. The pump and probe were overlapped at the sample at the magic-
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angle (54.7 o ) polarization. A polarizer was placed in front of the spectrometer to minimize the scattered signal from the pump beam. For detection an Ocean Optics S2000 PCI charge-coupled detector was used.
The samples were adjusted to an optical density of 0.8 measured in a 2 mm path length cuvette at the excitation wavelength of 677 nm. The energy of the pump pulse was 1 J, corresponding to a photon density of 3.1  10 14 photonscm -2 for a spot size of the pump pulse of ~1.2 mm diameter. The samples were mixed continuously using a magnetic micro-stirrer to avoid photo-degradation. Also, sample integrity was confirmed by taking steady-state absorption before and after every experiment. Surface Explorer (v.1.0.6) (Ultrafast Systems LCC) software was used to correct for dispersion in the transient absorption spectra and also to determine the principle number of kinetic components by singular value decomposition (SVD). ASUFit 3.0 software provided by Dr. Evaldas Katilius at Arizona State University was used for global fitting analysis using sequential decay path model (EADS). 
Förster Energy Transfer Calculations
Pyropheophorbide-a ring was built in HyperChem v. 5.11 (Hypercube) and optimized using semi empirical AM1 method. For simplicity the pyropheophorbide-a ring was approximated by a 14 Å square profile ( Figure S7 ). For the Förster energy transfer calculations, three hypothetical tetrameric structures were built assuming that the tetramer formed idealized cubic structure ( Figure S8 ). The microscopic rates of through-space energy transfer were then calculated on the basis of.
where  is the orientation factor, and constant values are assumed for the index of refraction, n = 1.33; fluorescence quantum yield,  F = 0.32 2 ; and fluorescence lifetime,  F = 5.1 ns. Figure S8 . Three hypothetical structures of 1X used for modeling the microscopic energy transfer rate constants. 
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